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Abstract 
A 24-hour spectrum measurement campaign was performed in Beijing in 2012 August in the frequency bandwidth which 
is 450-2700 MHz in order to find out the radio spectrum allocation situation in Beijing, and identify frequency bandwidth 
which can be used by dynamic spectrum access devices. The results from the spectrum measurements indicate that a lot of 
spectrum in Beijing has very low signal occupancy in both time and spectrum domains. The measurement results show 
that the actual spectral occupancy in Beijing is about 13.5%. The low spectral occupancy rate even in a metropolis such as 
Beijing suggests a bright future for aggressive expansion of the cognitive radio and other dynamic spectrum access. 
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1. Introduction 
The dramastic development of new wireless communication applications and services are placing 
enormous pressures on the shortage of magnetic spectrum resources. Recent studies show that the scarce of 
spectrum resources results from current inefficient spectrum allocation methods [1]. For example, the State 
Radio Regulatory Commission of China (SRRC) divides the whole magnetic spectrum resources into several 
small frequency sections, and authorizes them for different license services for exclusive. Such fixed spectrum 
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allocation approach ensures that wireless applications and devices don’t cause interferences with each other. 
However, it results in the inefficient use of current spectrum. Cognitive radio (CR) is hailed as the most 
suitable solution to solve this problem. It is defined as the smart radio device which acquires information of 
its surroundings, and adjusts its working configurations based on the learning results, in order to meet the 
system performances [2]. Therefore, CR is considered as the promising solution to improve the spectrum 
efficiency. 
A large amount of research funding is invested by the Chinese Government to develop cognitive radio 
technology. Research programs such as the National Science Funding, 973 and 863 Program are prime 
examples. Government policy regulators such as SRRC are considering amending current spectrum allocation 
polices in order to enabling dynamic spectrum access technologies. However, if they do not fully understand 
the spectral occupancy patterns, all these investments and action may not generate the proper outcomes. 
Spectrum occupancy measurement campaign is one of the important methods to provide the regulators, 
researchers and engineers with the foundation data of the current and future spectral occupancy information. 
Several measurement campaigns were performed in USA, Germany, Singapore, and Vietnam [3-6]. All these 
literatures suggest that vast amount of the spectrum resources is poorly used, with low spectrum usage 
efficiency. In this paper, we report the measurement results of a 24-hour radio magnetic spectrum 
measurement campaign of 450MHz to 2700 MHz in Beijing. The goals for this measurement are not only 
filling the current lack of knowledge about the usage pattern in Beijing China, but also to find out the  
frequency bands which are suitable for future dynamic spectrum access product such as CR devices.  
This literature is organized as the following. The measurement description and methodology for data 
analysis is described in section I. Section II reports the measurement results and discussion. The conclusion of 
this literature is given in section III, and the future works are introduced. 
2. Measurement description 
The spectrum measurements were conducted in August 2012 in Beijing at on the rooftop of a 30 storey 
(115meters high) building located at No.1 Fuwaidajia Rd. Xicheng District of Beijing, China, with coordinate 
116.3483912175941ºand 39.92310002818954 º, near the central business district (CBD). 
The measurement equipment consisted of an omni-directional BOGER DA-5000 broadband antenna. It is a 
broadband receiving antenna, with a frequency receiving band of 70MHz-3GHz. An Agilent N9030A 
Spectrum Analyzer is used to record the data. It has a frequency measurement capacity of 3 Hz to 3.6 GHz, 
and can detected signals range from -154 dBm to 30 dBm. A laptop computer was used to control the 
spectrum analyzer.  
The overall frequency range from 450MHz to 2700MHz is separated into several sub frequency bands 
according to its authorized services. The resolution bandwidth (RBW) of the spectrum Analyzer was 
configured as 15 KHz, 100 KHz, and 200 KHz, which is based on the licensed signals bandwidth. The 
measurement for each frequency band is carried out around approximately every 0.42s in average, which 
guarantee a relative small temporal measurement resolution comparing to the previous works. [3-6] 
Spectrum occupancy rate is the one of the most important metrics to measure the utilization of spectrum. 
Generally, it is marked as the probability that the signal strength of a certain frequency bandwidth is occupied 
using the energy detection method, which means the signal is occupied when its signal power is above a 
particular threshold [5-7]. According to the existing literature on spectrum survey [3-7], a 5dB threshold 
above the noise floor is considered as the final threshold value.  The raw data is measured at the spectrum 
analyzer, and need to be transferred into the antenna input power level. Therefore, the difference power level 
between spectrum analyzer input and the antenna input is observed. The raw data from spectrum analyzer 
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then added to these values. Therefore, the spectrum occupancy results from this paper which will be 
mentioned in the next section are all represent as the values at the antenna. 
3. Spectrum occupancy results and discussion 
We present spectrum occupancy results in different frequency bands in this section. Every spectrum 
occupancy measurement results for frequency bands are described by three subplots. The sub-plot on left side 
is the average receiving power against the signal frequency, which can show the general waveform of the 
occupied signal as well as to verify that the threshold (the red line) is properly selected. The sub-plot in the 
middle depicts the spectral occupancy rate against the signal frequency and transmitting time. The sub-plot on 
right side depicts the duty circle against the signal frequency. The duty circle has the same meaning of the 
spectrum occupancy rate, which suggests how often a frequency band is occupied by the signal. Therefore, 
the average spectrum occupancy rate of a particular frequency band can be calculated as following. 





No is the number of the measurement data with received power exceeding the threshold, and N is the total 
number of the measurement data in the whole frequency band during the whole 2 week period. 
With all these structures in mind, let us selectively look at results starting with Fig.1, which shows the 
spectrum occupancy from 450 to 470MHz. This frequency band is authorized as radio navigation, radio 
location and land mobile services such as talkie and walkie. The average spectrum occupancy is observed as 
0.18. A temporary usage pattern can be observed for part of the frequency channels in this band, which 
mainly are talkie and walikie services, resulting in relative low spectrum occupancy. 
 
Fig. 1. Fixed/Radiolocation/Land Mobile 450-470MHz  
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Next, let’s go to the spectrum occupancy results of 470 to 806 MHz in Fig.2. This band is allocated to the 
broadcasting services, which are analogue Chinese TV service PAL-DK, and Chinese digital TV service 
DTMB. The average spectrum occupancy is about 0.42. As we can see, not all of the TV stations work 24 
hours a day. Part of TV channels closed from 00:10 to 5:50.  
 
 
Fig. 2. Broadcasting TV 470-806MHz 
Fig. 3 shows the spectrum utilization results of 880 to 960 MHz band, which is assigned to the mobile 
cellular services (GSM900). The average spectrum occupancy of this band is 45.52%.Note that the spectrum 
occupancy patterns of uplink and downlink sides of GSM 900 are very different. Similar signal occupancy 
pattern are observed in the GSM1800 and 3G services, as can be seen in Fig.4 and Fig.5. This may result from 
that the transmitting power of uplink for cellular systems is relative low than the downlink power, and are 
silent if there is no active communication. Note that TD-SCDMA band A (1880-1900MHz) were not detected, 
and its service only existed in band B (2010-2025MHz). CDMA2000 signals were not detected during the 2 
week periods. The average spectrum occupancy of 1700MHz to 1920MHz is about 14.6%. The average 
spectrum occupancy of 1920MHz to 2200MHz is about 13.1%.  
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Fig. 3. GSM900 band 880-960MHz 
 
Fig. 4. GSM1800 & 3G services band 1700-1920 MHz 
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Fig. 5. 3G services band 1920-2200 MHz 
The spectrum occupancy of industrial, scientific & medical band(ISM band), which is range from 2400 to 
2500MHz, appears completely unused during 2 week observation. High likelihood signal occupancy pattern is 
found in the Marine time/radar frequency band from 2500 to 2700 MHz, TD-SCDMA candidate band C 
2300-2400MHz and 1427-1525MHz band for Point to Multipoint Microwave Communication System, which 
currently utilized by military services. The occupancy estimations of ISM and radar bands may not be the real 
situation of the signals such as WLAN, Bluetooth. Since the measurement site is on the rooftop of a 30 storey 
(115meters high) building, the transmitter of the ISM signals may not reach to the measurement point. 
Besides, ISM signals may not penetrate through walls. Radar signals may need special detection methods and 
equipments since its pulse is too short to be detected for common frequency sweep mode receivers, resulting 
in a very low probability to be captured. 
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Fig. 6. Summary of spectrum occupancy of Beijing 
 
The summary of average spectrum occupancy in Beijing City is presented in Fig. 6. The results suggest the 
sparse usage characters both in time and frequency domains. The spectrum occupancy rate in average is 
13.5% in Beijing for the 450-2700MHz frequency bandwidth. That means nearly 86.5% of allocated spectrum 
was unused for this period. 
4. Conclusion 
Our measurement results show that most of the allocated spectrum is utilized with low efficiency. A lot of 
low spectrum occupancy bands can be further improved by the emerging dynamic spectrum access 
technologies. The spectrum measurements in this literature are part of a big measurement campaign by BUPT. 
The goal is to build a whitespace database to guide the cognitive applications. In future works, measurement 
data from this campaign will further guide the design of efficient dynamic spectrum access technologies and 
applications. 
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